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A method of treating a metal surface, comprising the steps of: 

providing a metal surface, said metal surface chosen from the 
group^consisting of: 

-a metajsurface having a zinc-containing coating; 
-zinc; and 
-zinc alloy; 

and 

(b) applying a silane solution to s sad metal surface, said silane solution 
having at least one vinyl silane and i^least one bis-silyl aminosilane, 
wherein said at least one vinyl silane anfc^said at least one bis-silyl 
aminosilane have been at least partially hydrory 




The method of claim 1, wherein said vinyl silane has a trisubstituted silyl 

rgro\, 

?• and wherein the substituents are individually chosen from the group 
consisting of hydroxy, alkoxy, aryloxy and acyloxy. 

The method of claim 2, wherein said vinyl silane comprises: 



R 2 ' 



R 2 OR 1 
LC=C— X 1 Si OR 1 

OR 1 



wherein: 

-each R 1 is individually chosen from the gVoup consisting of: hydrogen, C, - C 24 
alkyl and C 2 - C 24 acyl; 

-X 1 is chosen from the group consisting of: a 6\Si bond, substituted aliphatic 
groups, unsubstituted aliphatic groups, substituted aromatic groups, and 
unsubstituted aromatic groups; and 
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jach R 2 is individually chosen from the group consisting of: hydrogen, C, - C 6 
alM, C, - C 6 alkyl substituted with at least one amino group, C, - C 6 alkenyl, C 1 
- C 6 aikenyl substituted with at least one amino group, arylene, and alkylarylene. 



4. Th^method of claim 3, wherein each R 1 is individually chosen from the 
group consisting of: hydrogen, ethyl, methyl, propyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, ter-b^tyl and acetyl. 

5. The method &f claim 3, wherein X 1 is chosen from the group consisting 
of: a C-Si bond, C, - C^lkylene, C, - C 6 alkenylene, C n - C 6 alkylene substituted 
with at least one amino gtoup, - C 6 alkenylene substituted with at least one 
amino group, arylene, and alkylarylene. 

6. The method of claim 3, wherein each R 2 is individually chosen from the 
group consisting of: hydrogen, ethylVnethyl, propyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, ter-butyl and acetyl. 



The method of claim 1 , wherein said bis-silyl aminosilane comprises an 
aminosilane having two trisubstituted silyl groups, wherein the substituents are 
individuall^hosen from the group consisting of hydroxy, alkoxy, aryloxy and 
acyloxy. 



8. The method of cl; 



n said bis-silyl aminosilane comprises: 




wherein: 

-each R 1 is individually chosen from the group consisting^: hydrogen, - C 
alkyl and G 
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jdi R 3 is individually chosen from the group consisting of: substituted aliphatic 
group^unsubstituted aliphatic groups, substituted aromatic groups, and 
unsubstitute&^romatic groups; and 
-X 2 is either: 



or 



R 4 R 4 

I . I 
— N — R 5 — N — 



-wherein each R 4 is individually cho&^n from the group consisting of: 
hydrogen, substituted and unsubstituted aliphatic groups, and substituted 
and unsubstituted aromatic groups; and 
-R 5 is chosen from the group consisting of: substituted and unsubstituted 
aliphatic groups, and substituted and unsubstituted aramatic groups. 



JTie method of claim 8, wherein each R 1 is individually chosen from the 
group consistirig^fc^T^rogen, ethyl, methyl, propyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, ter-butyl and ac§t 

10. The method of claim 8, wherein ead^R^is individually chosen from the 
group consisting of: C 1 - C 10 alkylene, C, - C^al^enylene, arylene, and 
alkylarylene. 



TT TfigTTTethed-afxLaim 8, totfetein each R 4 is individually chosen from the 
group consisting of: hydrogen, - C^KyTanK^ 



T2>*^The method of claim 8, wherein R 5 is chosen from the group consisting 
of: C, - C 10 aTkyleQe^C 1 - C 10 alkenylene, arylene, and alkylarylene. 



13. The method of claim 1, wFfereiqsaid bis-silyl aminosilane is chosen from 
the group consisting of: b/s^ttriq^tho^ bis- 
(triethoxysilylpropyl)amine, and bis-(triethoxysilylprdpyl)ethylene diamine. 
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The method of claim 1 , wherein said vinyl silane is chosen from the group 
cori^sting of: vinyltrimethoxysilane, vinyltriethoxysilane, vinyltripropoxysilane, 
vinyltrii^opropoxysilane, vinyltributoxysilane, vinyltriisobutoxysilane, 

vinylacetokvsilane, vinyltriisobutoxysilane, vinylbutyltrimethoxysilane, 
vinylmethyHnmethoxysilane, vinylethylltrimethoxysilane, 
vinylpropyltrirftethoxysilane, vinylbutyltriethoxysilane, and 
vinylpropyltriethoxy&Jane. 



15. The method of claim 
concentration of vinyl silanes to tl 
in said silane solution is at least 




the ratio (by volume) of the total 
centration of bis-silyl aminosilanes 



^/ 6 \ The method of claim 1 , further comprising the steps of drying said metal 
surfac^after said silane solution has been applied thereto, and thereafter 
coating saw metal surface with a polymer selected from the group consisting of: 
paints, adhesh<es and rubbers. 



17. The method dtalaim 1 , wherein said metal surface comprises hot-dipped 
galvanized steel. 



An aqueous solution comprising at least one vinyl silane and at least one 
bis-silyTbnciinosilane, wherein said at least one vinyl silane and said at least one 
bis-silyl amincJ&Uane are atieastpartially hydrolyzed. 

1 9. The solution of clairh^^Werein said vinyl silane has a trisubstituted silyl 
group, wherein the substituents ate4ndividually chosen from the group consisting 
of hydroxy, alkoxy, aryloxy and acylo> 



20. The solution of claim 19, wherein said vin^k^ilane comprises: 
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R 2 

C=C— X 1 



OR 1 

Si OR 1 



OR 1 
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wherein: 
-each R 1 is 



indr 



((dually chosen from the group consisting of: hydrogen, C, - C 24 
alkyl and C 2 - C 2 )\acyl; 

-X 1 is chosen fromVie group consisting of: a C-Si bond, substituted aliphatic 
groups, unsubstitute^ aliphatic groups, substituted aromatic groups, and 
unsubstituted aromaticNgroups; and 

-each R 2 is individually chosen from the group consisting of: hydrogen, C, - C 6 



alkyl, C, - C 6 alkyl substituted wB 
- C 6 alkenyl substituted with a\ least 



.least one amino group, C 1 - C 6 alkenyl, C, 
ie amino group, arylene, and alkylarylene. 



21 . The solution of claim 20, wherein each R 1 is individually chosen from the 
group consisting of: hydrogen, eth^l, methyl, propyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, ter-butyl and acetyl. 

22. The solution of claim 20, whereirVx 1 is chosen from the group consisting 
of: a C-Si bond, C, - C 6 alkylene, C, - C 6 kenylene, C, - C 6 alkylene substituted 
with at least one amino group, C, - C 6 alk\nylene substituted with at least one 
amino group, arylene, and alkylarylene. 



23. The solution of claim 20, wherein each fV is individually chosen from the 
group consisting of: hydrogen, ethyl, methyl, prolyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, ter-butyl and acetyl. 



24. The solution of claim 1 8, wherein said bis-silytaminosilane comprises an 
aminosilane having two trisubstituted silyl groups, wherein the substituents are 
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idividually chosen from the group consisting of hydroxy, alkoxy, aryloxy and 
ac^loxy. 



25. 



le solution of claim 24, wherein said bis-silyl aminosilane comprises: 



OR 1 OR 1 

> 1 0 — Si R 3 X 2 R 3 Si— OR 1 

OR 1 OR 1 
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wherein: 

-each R 1 is individually chosen from the group consisting of: hydrogen, C 1 - C 
alkyl and C 2 - C 24 acyl; 
-each R 3 is individually chose^roAn^be group consisting of: substituted aliphatic 
groups, unsubstituted aliphatic 'groins, substituted aromatic groups, and 
unsubstituted aromatic groups; 
-X 2 is either: 



R 4 

I 

N- 



or 



R 4 R 4 

I , I 
N — R 5 — N — 
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-wherein each R 4 is individually cnpsen from the group consisting of: 
hydrogen, substituted and unsubstituted aliphatic groups, and substituted 
and unsubstituted aromatic groups; ar 

-R 5 is chosen from the group consisting df: substituted and unsubstituted 
aliphatic groups, and substituted and unsubstituted aromatic groups. 



26. The solution of claim 25, wherein each R 1 is individually chosen from the 
group consisting of: hydrogen, ethyl, methyl, propyl, f^o-propyl, butyl, iso-butyl, 
sec-butyl, ter-butyl and acetyl. 
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^7. The solution of claim 25, wherein each R 3 is individually chosen from the 
grWip consisting of: C 1 - C 10 alkytene, C 1 - C 10 alkenylene, arylene, and 
alkylWylene. 

28. ThW solution of claim 25, wherein each R 4 is individually chosen from the 
group consisting of: hydrogen, C 1 - C 6 alkyl and - C 6 alkenyl. 

29. The solution of claim 25, wherein R 5 is chosen from the group consisting 
of: - C 10 alkyleoe, - C 10 alkenylene, arylene, and alkylarylene. 

30. The solution onclaim 18, wherein said bis-silyl aminosilane is chosen from 
the group consisting of: />/s-(trimethoxysilylpropyl)amine, bis- 
(triethoxysilylpropyl)amine, and bis-(triethoxysilylpropyl)ethylene diamine. 

31. The solution of clair^ 18, tatfefein said vinyl silane is chosen from the 
group consisting of: \ vinyltriplethoxysilane, vinyltriethoxysilane, 
vinyltripropoxysilane, vinylrtiisopropoxysilane, vinyltributoxysilane, 
vinyltriisobutoxysilane, vinvlacetoxysilane, vinyltriisobutoxysilane, 
vinylbutyltrimethoxysilaney vinylmethyltrimethoxysilane, 
vinylethylltrimethoxysilane, vinylpropyltrimethoxysilane, vinylbutyltriethoxysilane, 
and vinylpropyltriethoxysilane. \ 

32. The solution of claim 18, wherein the ratio (by volume) of the total 
concentration of vinyl silanes to the total concentration of bis-silyl aminosilanes 
in said silane solution is at least about 1 . \ 

33. The solution of claim 32, wherein said ratio is at least about 4. 

34. The solution of claim 18, wherein the total concentration of bis-silyl 
aminosilanes in said solution is between about 0.1°Aand about 5%, and wherein 
the total concentration of vinyl silanes in said solution is at least about 1%. 




The solution of claim 34, wherein the total concentration of bis-silyl 
ami>>osilanes in said solution is between about 0.75% and about 3%, and 
whereirrth^e total concentration of vinyl silanes in said solution is at least about 
3%. 

36. A silane coabsd metal surface, comprising: 

(a) a metal sbrface^hosen from the group consisting of: 
-a metal surface lijtfnaa zinc-containing coating; 
-zinc; and 
-zinc alloy; and 

(b) a silane coating bon>s(ed to said metal surface, said coating 
comprising at least one vinyl silata; and at least one bis-silyl aminosilane. 

37. The metal surface of claim 36, wherei^said metal surface comprises hot- 
dipped galvanized steel. 



38. A silane coated metal surface made in acc\rdance with the method of 
claim 1. 
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